An actinomycete capable of sustained aerobic growth on 1,4-dioxane was isolated from a dioxanecontaminated sludge sample. The actinomycete, CB1190, grows on 1,4-dioxane as the sole carbon and energy source with a generation time of approximately 30 h. CB1190 degrades 1,4-dioxane at a rate of 0.33 mg of dioxane min-' mg of protein-' and mineralizes 59.5% of the dioxane to CO2. CB1190 also grows with other cyclic and linear ethers as the sole carbon and energy sources, including 1,3-dioxane, 2-methyl-1,3-dioxolane, tetrahydrofuran, tetrahydropyran, diethyl ether, and butyl methyl ether. CB1190 is capable of aerobic autotrophic growth on H2 and CO2.
1,4-Dioxane is a cyclic ether used as a solvent or formed as an undesired by-product in many industrial processes. It is highly water soluble and is a suspected carcinogen. Consequently, it has become a serious groundwater pollutant (6, 9, 13) . In general, cyclic ethers such as 1,4-dioxane and tetrahydrofuran (THF) have not been amenable to biodegradation (1, 2, 12, 15, 21) .
Bacterial cultures enriched on morpholine have been reported to degrade 1,4-dioxane; however, neither sustained growth with 1,4-dioxane as the sole carbon source nor mineralization of the compound was demonstrated (10) . Recent reports have shown Mycobacterium vaccae to transform 1,4-dioxane to hydroxylated cyclic compounds, but the organism could not be grown on 1,4-dioxane nor did it mineralize the cyclic ether (5, 24) . Pure cultures of a Rhodococcus sp. have been shown to degrade 1,4-dioxane (3), but evidence of sustained growth on 1,4-dioxane or mineralization was not presented. Mineralization of 1,4-dioxane has been demonstrated with mixed microbial populations (7, 23) .
In this paper, we describe the isolation in pure culture of a nocardioform actinomycete capable of sustained growth on 1,4-dioxane. Evidence for 1,4-dioxane mineralization by the actinomycete is also presented.
MATERIALS AND METHODS
Media and growth conditions. All enrichments and growth of pure cultures were performed with basal salts medium (BSM) or ammonium mineral salts medium (AMS). One liter of BSM contained 100 ml of BSM buffer stock and 100 ml of BSM trace metal stock. The BSM buffer stock contained (per liter) 32.4 g of K2HPO4, 10.0 g of NaH2PO4 H20, and 20.0 g of NH4Cl. The BSM trace metal solution contained (per liter) 1.23 g of nitrilotriacetic acid (disodium salt), 2.0 g of MgSO4-7H20, 0.12 g of FeSO4 -7H20, 0.03 g of MnSO4 H20, 0.03 g of ZnSO4 * 7H20, and 0.01 g of CoCl2 * 6H20. All growth was monitored as optical density at 660 nm (OD). Growth was confirmed by increases in the protein concentration in the cultures. Generation times were determined from the slope of OD plotted against time (semilog) during exponential phase.
A Tris-maleate buffer, useful over the pH range from 5.0 to 8.5, was used to determine the pH optimum for CB1190. The buffer was prepared by mixing 10 ml of 1 M maleic acid, 10 ml of 1 M Tris-HCl (pH 7.6), and 2 ml of 1 M phosphate (pH 7.0). The pH was adjusted to the desired value with NaOH, the total volume was brought to 180 ml, and the buffer was filter sterilized. pH-modified AMS media were prepared by combining 180 ml of buffer with 20 ml of a sterile 10- CO2 to the headspace, a sample was taken and analyzed as described above.
RESULTS
Isolation and identification of CB1190. The 1,4-dioxanedegrading organism (designated CB1190) was judged to be pure after microscopic observation of cell suspensions (mag- (18) .
Further attempts to identify CB1190 by fatty acid analyses (Panlabs, Inc.; Microbial ID) or by menaquinone and cell wall sugar analyses (Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany) did not lead to a definitive genus assignment. All investigators agreed (on the basis of morphological and chemotaxonomic characterizations) that CB1190 is a pure culture of a nocardioform actinomycete and is probably a member of the family Pseudonocardiaceae (11) . The pure CB1190 culture was deposited with the American Type Culture Collection as strain 55486.
Degradation of 1,4-dioxane by the pure culture. To demonstrate growth of CB1190 on 1,4-dioxane as the sole carbon and energy source, CB1190 was inoculated into sealed flasks containing AMS plus 1,4-dioxane and AMS with no carbon source ( Mineralization of 1,4-dioxane by CB1190. Conversion of 1,4-dioxane carbon to CO2 by CB1190 was tested in sealed 160-ml serum bottles. The cultures were grown in BSM containing 1,4-dioxane, washed, resuspended in BSM, and incubated with or without 4.0 mM 1,4-dioxane. After 18 h, dioxane was degraded to <10 ,uM, and CO2 in the liquid and headspace of the cultures was measured by GC-thermal conductivity detector analysis. The production level of endogenous CO2 was similarly determined in the cultures that did not receive dioxane. The average of three replicate samples showed that 59.5% ± 1.8% of the dioxane carbon consumed (345.8 + 0.0 ,umol) was converted to CO2 (205.8 ± 5.8 ,umol [322.5 5.8 ,umol of C from total CO2 production minus 116.7 ± 0.0 ,umol of C from endogenous C02]). No other products were observed by GC-flame ionization detection or GCthermal conductivity detector analysis. COD analysis of the spent medium showed no detectable soluble COD. These results indicate that 1,4-dioxane is mineralized by CB1190 and strongly suggest that no other organic product (other than biomass) accumulated in the medium.
Substrate range of CB1190. The taxonomy of actinomycetes has been rapidly evolving. New genera have recently been introduced, and many reclassifications have occurred (4, 11, 14, 19, 22, 25) . Actinomycete classification, which had been based primarily on 60, 1994 
